The equilibrium water content of a product to be dried is essential during a forced convection solar drying and storage operation. These values are often taken from the so-called isothermal sorption curves. The isotherms determination is an essential step to know the distribution and the intensity of the water connections in the products. They make it possible to determine the products final water content to be reached in order to optimize the drying conditions and give valuable information on the hygroscopic equilibrium. As a result, this experimental study aims to determine the physicochemical components' and the desorption isotherms curves for deferent date type L'hmira, Bamakhlouf and Tegazza from the Touat region, in South-West Algeria, using the saturated salt solution method. The experiment is carried out for three temperature values 40 ° C, 50 ° C and 60 ° C, to study the influence of the temperature on the equilibrium curves of the product and finally to describe the isothermal moisture desorption for deferent date types for three temperatures using known models of GAB, SMITH, LANGMUIR and OSWIN.
INTRODUCTION
Many agricultural products, consumed in large quantities are not always available during the seasons. Several solutions are proposed to overcome this handicap for example: greenhouse cultivation, freezing and the preservation by drying. The solar drying use is a simple, safe and adequate solution for a large number of agricultural products. The Southern Algerian regions are beginning to experience more or less rapid development. A large part of the agricultural production of these regions: tomato, dates, henna, mint. etc., lends itself perfectly to conservation by drying to ensure continuity in their availability and allow their transport as well as to reducing the produces cost. The dates are the historical food of great and high energy and commercial values. According to FAO statistical data in 2012, Algeria is the world's sixth largest date producer, with an estimated average annual production of 789357 tones, for more than 12 million date palms, particularly in TOUAT areas.
Certain dates varieties have excess production, such as: Aghammou or L'L'hmira, which is destined for export to the African countries: Mali, Niger, and Chad. As well as, some local applications such as livestock or for industrialization (manufacture of soup, vinegar). Date varieties are generally drayed after harvest using traditional solar dryer. Agriculture use solar energy; free, non-polluting and excellently clean. Those methods are subjects of several researches.
Sorption isotherms are of great importance in the food industry, especially in solar drying, storage and food preservation. Their knowledge tells us about the hygroscopic or hydric balance of the product under consideration, the isosteric heats, and the lifetime's duration. We do not know the product stability types. This equilibrium is characterized by these curves whose experimental determination requires a large number of measurements. They are also useful during a solar drying process. Indeed, it is from these sorption curves that we can determine the final product water content, so as to ensure the physicochemical and microbiological stability during the storage, in addition the product shelf life can be predicted [1] [2] [3] [4] [5] [6] . studies on sorption isotherms are carried out by mathematical modeling, eight mathematical models (in the literature) empirical and semi-empirical based on more or less physical bases [7] [8] [9] [10] , describing the correlation of water content with balance with the water activity of the products. among these models: GAB [11] , modified BET [12] , Henderson-Thompson [13] , modified Halsey [14] , modified Oswin [15] , Peleg [16] . GAB is the most widely used model for various foods [17] [18] [19] [20] .
The present Works focus firstly the experimental determination of the sorption curves forL'L'hmira, Bamakhlouf and Tegazza varieties, secondly we are interested in defining among the existing mathematical models, the most appropriate model for the studied product and finally, we are interested in modelling the isosteric heats for deferent dates.
OPERATING MODE
The obtaining isotherm point's principle is as follows: a sample of the product is placed in an enclosure maintained at temperature T and at relative humidity Hr of the constant air: this is the gravimetric method. The sample is weighed at regular intervals until its mass no longer varies, it is then in equilibrium with the air at (T, Hr). Knowing its wet mass, it is then sufficient to determine its dry mass to deduce its water content X, the couple (Hr, X) provides a point of the isotherm of sorption or desorption. The product is suspended in a sealed container inside which a solution maintains a constant relative humidity. The solutions used are saline solutions saturated with salt. The temperature is kept constant by placing the containers in a thermostatically controlled enclosure. We use as many salts as we want to obtain points on the isotherm [19] [20] [21] .
SATURATED SALINE SOLUTIONS PREPARATION
The saturated saline solutions used are: KOH, KF, MgCl2, K2CO3, NaCl, KCl, BaCl2, K2CO4. These solutions make it possible to obtain relative moistures ranging from 5.5 to 95.8 % (Table 1 ). Table 1 . Standard values of relative humidity given by different salts as a function of temperature [22] But, before beginning the preparation of the eight salt solutions, we consulted the different values of the solubility of the salts used and that to have a prior idea on their masses ( Table 2) .
Figure 1. Saturated saline solutions preparation
Each saturated solution is obtained by dissolving, in a bottle containing 120 ml of distilled water, a mass weighed in a 0.001g precision digital display scale; during the preparation, stirring of the solutions was necessary. The masses of salts added to obtain these saturated salt solutions are given in Table  3 . 
SAMPLE PREPARATION OF L'HMIRA, BAMAKHLOUF AND TEGHAZZA DATES:
We brought samples of Takarboucht / Tegazza dates from the Adrar (Bouda) area, to the URER / MS laboratory, in a fresh and healthy state for the purpose of the study. The fresh samples destined for the Takarboucht / Tegazza date desorption process are small pieces of about the same mass (1 g) weighed using a precision 10 -3 g digital scale. Each sample is then placed in the jar (on a perforated stainless steel grid prepared in advance), above the acid solution, and thus remains in an environment stabilized in temperature and hygrometry. 
EXPERIMENTAL METHOD
The VACUCELL oven (VU) is a vacuum chamber, electrically heated, in which it is possible to heat the objects placed there after the evacuation. The evacuated objects are placed on the shelves in the room. The device operates up to a temperature of 200 ± 1 °C. The desorption experiments carried out were carried out at two different temperatures: 40 °C., 55 °C. and eight relative humidity values. For each working temperature, an oven was used. So, in each oven, there are eight hermetic jars ( Figure 2 ).
Figure 3. The product arrangement in the oven
Before placing the product to be studied in the jars, they are introduced into the controlled oven at a fixed set temperature. The jars are left in the oven for 24 hours so that the saline solutions can adapt to the working temperature. Then the samples are introduced into the jars and using an electronic balance 0.001g precision digital display. They are weighed every two days until the mass variation between two successive measurements becomes less than 2 %. The thermodynamic equilibrium is reached after a few days.
As soon as the equilibrium wet masses are determined, the samples are introduced into the oven at 105 °C. for 24 hours in order to determine their dry masses. After obtaining the wet and dry mass of all test shots. Equilibrium water contents are been calculated using the relationship:
The dry extract of the sample is determined: the water content of the sample is then known for a given hygrometry. A desorption curve is obtained: that is, the sample loses water to reach equilibrium because the sample placed in the chamber was wet.
EXPERIMENTAL AND SIMULATION RESULTS
After obtaining the wet and dry masses of all test samples and calculating equilibrium water contents, summarize the equilibrium moisture content values of all date samples are plotted for 40 °C, 50 °C and 60 °C, in Tables 4, 5 and 6. The hygroscopic equilibrium for dates desorption is realized. Figures 5, 6 and 7 show that the desorption isotherm has a sigmoidal appearance. This is consistent with the behavior of other agri-food products [23] [24] [25] [26] [27] [28] [29] [30] .
Curve modeling
Using Curve Expert software, we test the equations of the above models on water content (Xeq) curves as a function of water activity (aw) for different samples at temperatures of 40, 50 and 60 ° C [31] [32] [33] [34] [35] [36] [37] [38] [39] .
In the results pane, software gives different models compatible with the curves in the order of standard error values (S) and Coefficient of determination (r² ). The following Tables 7, 8 and 9 summarize the three most compatible dates desorption isotherm models for each type of date at different temperatures.
Note that the most suitable model for date desorption isotherm curves is the GAB model, since it has the lowest values for the standard errors (S) and the largest values for the coefficient of determination (r² ) at experimental temperatures. To calculate the isothermal heat of sorption, we use the data accompanying the GAB model in the results pane, set the water content value and record the water activity values for each experimental temperature, then plot the curves
after that, we draw the curve
Desorption isosters for L'hmira, Tegazza and Bamakhlouf dates are illustrate in Figure 8 In Figure 9 , 11 and 13, there is also an increase in net desorption heat as the degree of dehydration increases. This is due to the existence of highly active polar sites in the product that are been covered by water molecule forming the molecular layer [20] .
Nonlinear regression was used to evaluate the parameters of the empirical Eq. (2) with the Levenberg-Marquardt method ( Table 10 ). These results are in perfect agreement with the results obtained by Tsami et al. [21] for other food products. 
CONCLUSION
The objective, after having the experimental curves of the desorption isotherms curves of the three varieties of dates (L'hmira, Tegazza, Bamakhlouf) is to determine by following the most well-known models, by describing this phenomenon and of proposing a suitable model, thus calculating the isosteric heat and predicting the storage life.
Our study allowed us to conclude by noting, through previous theoretical and experimental work, that the determination of these curves is indispensable in the drying field and that the understanding of the equilibrium between the drying air and the wet product to be dried is imperative. Our determination that the BET model is suitable to describe the desorption isotherm of the L'hmira date, as well as the Peleg model is suitable to describe the isotherms of the desortions for both Tegazza and Bamakhlouf dates. At the same time the proposed model also has acceptable results, where the coefficient of determination (r² ) has exceeded 0.99 in most cases. On the other hand, we calculated the isosteric heat. And we left the door open to those who want to complete this study for determining the adsorption curves and the estimated lifetime.
The desorption curves of the three types of dates were in good agreement with those found in many previous scientific works. Indeed, the water content at equilibrium is inversely proportional to the temperature, this was very clear on the isotherms, when the activity of the water exceeds 0.4.
Finally, the smoothing of the experimental points allowed us to find experimental equations characterizing the desorption of the date at 40 °C, 50 °C and 60 °C.
ACKNOWLEDGMENT
The present work was ben effectuated in the solar drying laboratory at the Thermal and Thermodynamics Conversion Division, within the Research Unit Energies in Renewable Energies in the Sahara Medium. Development Centre of Renewable Energies, Adrar, Algeria
